Public health professionals are increasingly recognising the major part that sexually transmitted diseases (STD) play in reproductive health; this recognition has added a new importance to preventing genital infections. The dimensions of the worldwide STD epidemic, and its reproductive sequelae, demand a greater commitment to its prevention and control. Particularly compelling is the need to control fetal wastage, prematurity, and complications in neonates caused by STD, especially in developing countries.
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Although the acquired immune deficiency syndrome (AIDS), human papillomavirus infection, and other newly identified STD are attracting much attention, we must remain vigilant to the serious sequelae of syphilis and gonorrhoea, especially in areas where these traditional "venereal diseases" have not been controlled. The problems currently associated in Africa with syphilis and gonorrhoea during pregnancy are strikingly reminiscent of those faced by the western world in the early 1900s. In this paper, we public health problems in Africa. Firstly, we address syphilis during pregnancy, and, secondly, gonococcal ophthalmia neonatorum (GON), a serious sequel of gonorrhoea during pregnancy. Lastly, we make recommendations for further STD research and for new STD prevention and control initiatives.
Syphilis during pregnancy PREVALENCE OF SYPHILIS IN PREGNANT WOMEN
Reported prevalences of syphilis seroreactivity in pregnant women attending antenatal clinics in Africa range from 4% to 15% (table 1) .`10 Not only are these findings consistently high across the continent, but they may even be underestimates. For example, in two of the studies treponemal tests yielded much higher prevalences than non-treponemal tests in the same women.5 9 Moreover, in Zambia, researchers analysed the rapid plasma reagin (RPR) test and found a false positive rate of 5% and a false negative rate of 1 1% to 14%, which led them to conclude that the actual prevalence of syphilis may be slightly higher. 8 One problem with serological tests is that yaws and endemic syphilis can also cause seroreactivity. The countries referred to in table 1, however, are not The outcomes from the 1951 study therefore seem to be roughly applicable to Africa, and we have used them as theoretical estimates to be applied to untreated pregnant women with syphilis in Africa.
INCIDENCE OF CONGENITAL SYPHILIS
Congenital syphilis is an extremely serious condition that is often disfiguring and debilitating, if not fatal. Moreover, its manifestations appear to be much worse in Africa than in the United States of America (Naeye, personal communication). Data on congenital syphilis in Africa are not as abundant as on syphilis in adults during pregnancy, but the data that are available are comprehensive. A study in Zambia established that nearly 1% of the babies delivered at the University Teaching Hospital in Lusaka had signs of congenital infection at birth, and as many as 6.5% were seroreactive at birth and thus considered to be at risk.'4 These data are consistent with prior reports in that most congenital syphilis is not diagnosed until weeks or months after birth. In another study from Zambia, seroreactivity in infants under six months old was 2.9%.8 Half the seroreactive infants had two or more clinical features suggestive ofearly congenital syphilis and, of these, 60% required admission to hospital. Moreover, the RPR test was used and found by These data are consistent with what is known about the transmission of syphilis from mother to infant. A pregnant mother with untreated syphilis apparently has a 33% chance of giving birth to a live infant with syphilis (table 3) . The prevalence of seroreactivity in the pregnant women in the studies from Zambia was 13% to 15%. Consequently, if syphilis in those women was not treated, we would expect that 33% of the pregnancies would end in live infants with syphilis-that is, 4% to 5% of babies born. The congenital syphilis seroreactivity rates of 2.9% and 6.5% are within the expected range, and the higher rate of 6-5% could, moreover, have been caused by passive antibody transfer at birth.
Further confirmation of the incidence and problems associated with early congenital syphilis in Zambia comes from two treatment studies. Early congenital syphilis was diagnosed in 9% of admissions in one of the nursery wards`5 and 8% of admissions to the intensive care unit.16
PERINATAL, NEONATAL, AND INFANT DEATHS
The relation between syphilis during pregnancy and stillbirths is well established. A recent case control study of the relation between stillbirths and high titre RPR card test seroreactivity in Zambia yielded a relative risk of 28 (95% confidence interval of 12 to 63).9 This result is consistent with the 1951 study from the United States of America, which showed that the relative risk of stillbirths for a mother with untreated early syphilis was 32 times greater than for a noninfected mother. 13 In pregnant women with untreated early syphilis, nearly 40% of pregnancies result in perinatal death; in pregnant women with untreated late syphilis over 20% result in perinatal death (table  3) .
In the University Teaching Hospital in Lusaka, Zambia, 42% of stillbirths were attributed to syphilis during pregnancy.7 In Zambia, congenital syphilis was implicated in 20% to 30% of the total perinatal infant mortality, which was 50 per 1000 births.8 In other words, l-15% of all Zambian pregnancies that extend beyond 20 to 27 weeks end in death caused by syphilis. This is an underestimate, moreover, because it does not include post neonatal infant deaths and because many stillborn infants do not have clinical evidence of congenital syphilis.
In Ethiopia, studies conducted on perinatal mortality identified syphilis as the fourth commonest cause of perinatal death accounting for 10% of about 70 The largest absolute effect of syphilis during pregnancy is probably spontaneous abortion during the middle trimester and early in the third trimester. Researchers estimate that 5% of all pregnancies in Ethiopia are lost because of syphilis, a total of 75 000 pregnancy losses each year,18 whereas in Zambia 19% of miscarriages were attributed to syphilis.7 Pregnant women in Ethiopia who were found to be seropositive to tests for syphilis were five times more likely to have an abortion or stillbirth than women who were seronegative.2 These data strongly point to spontaneous abortion being a major adverse outcome of syphilis during pregnancy. The precise magnitude, however, is difficult to measure anywhere in the world, but especially in Africa where women usually do not attend for prenatal care until late in the third trimester.
The estimate from Ethiopia that many pregnancies are lost to spontaneous abortion due to syphilis during pregnancy appears to be plausible. Between 15% and 43% of post implantation pregnancies in the Western world are lost to spontaneous abortion.19 20 Given the nutritional and health status of most African women, we estimate that 45% of their pregnancies spontaneously abort.
Many spontaneous abortions would not be affected by syphilis, however, as first trimester abortions are usually associated with phenotypic or chromosomal fetal abnormalities.2' Considering all available data, syphilis is likely to cause a few spontaneous abortions in the first trimester, but has a very pronounced effect in the middle trimester and early in the third trimester.22 Most miscarriages occur in the first trimester so we estimate that two thirds could not be caused by syphilis, which leaves a baseline spontaneous abortion rate of 15% after the first trimester. The best available data indicate that a woman with untreated early syphilis is 3.3 times more likely to have a minscarriage or premature stillbirth than a noninfected woman.'3 This would appear to be a conservative estimate as stillbirth at full term is associated with a relative risk of about 30, as noted earlier. In fact, if an infection is acquired from an expectant mother with early syphilis in the second trimester, spontaneous abortion is the most probable outcome." Thus we would expect the spontaneous abortion rate in pregnant women with untreated syphilis to be 3 3 times 15%, or at least 50%. In conclusion, Pregnancy loss, infant death, and suffering: legacy of syphilis and gonorrhoea in Africa we estimate that of pregnancies that extend beyond 12 weeks gestation, 15% in non-infected women and 50% in women with syphilis would spontaneously abort. These estimates are consistent with what we know about spontaneous abortion and the pathogenesis of syphilis during pregnancy.
MODEL OF OUTCOMES OF PREGNANCY IN SUB-SAHARAN AFRICA
We assumed an estimated 10% seroreactivity in pregnant women and followed 1000 women in a model. We used the aforementioned theoretical estimates in a simple deterministic model (table 4) and then compared the results from the model with actual reported data from Africa. The estimate that 5% of all pregnancies in Ethiopia are lost to spontaneous abortion caused by syphilis during pregnancy appeared to be plausible. The model yielded a consistent estimate of 3.5%. If instead we assumed a 15% prevalence of seroreactivity, the model would also yield an estimate of about 5%.
Of pregnancies that extend beyond 20 to 27 weeks, the model yielded 1.7% more perinatal deaths caused by syphilis, which was consistent with, though slightly higher than, the 1% to 1 5% estimates from Ethiopia and Zambia. Using the model we also estimated that 20% of perinatal deaths were caused by syphilis, which was consistent with the 10% to 30% reported from Zambia and Ethiopia.
In the model, 2.1% of pregnancies that extended into the perinatal period resulted in infants with syphilis, which was consistent with results from Zambia of 1% with signs of congenital syphilis at birth and 2.9% to 6 .5% seroreactive at birth or shortly thereafter.
CONCLUSIONS ON SYPHILIS DURING PREGNANCY IN AFRICA
Based on the most current studies, prevalence of syphilis seroreactivity in pregnant women in many parts of Africa is at least 10%. Assuming that prevalence: 3% to 4% of pregnancies that extend beyond 12 weeks will spontaneously abort because of syphilis; 1-2% of pregnancies that extend beyond 20 to 27 0-3 weeks will end in perinatal or infant death because of syphilis, and 1-2% of pregnancies that extend beyond 20 to 27 weeks will yield an infant with syphilis. Assuming a seroreactivity rate of 10%, therefore, an aggregate of 5% to 8% of pregnancies surviving past 12 weeks-that is, 50% to 80% of those in seropositive women-will have an adverse outcome caused by syphilis.
Gonococcal ophthalmia neonatorum SERIOUSNESS OF GONOCOCCAL OPHTHALMIA NEONATORUM
Gonococcal ophthalmia neonatorum (GON), if untreated, often leads to blindness. The incidence of blindness from GON in Africa is unknown, but historical data from industrialised countries in childhood blindness can provide some insight. At the turn of the last century, an estimated 20% to 40% of children in European homes for the blind were there as a result of GON.23 Some estimates were even higher. In 1881 a Liverpool eye surgeon (Grossman) wrote that 60-75% of blindness in any large home was caused by ophthalmia neonatorum. These results came when prophylaxis and treatment for gonococcal ophthalmia neonatorum did not exist, and levels of gonococcal infection in pregnant women were similar to those now present in Africa. The incidence of GON dropped dramatically after Crede introduced prophylactic treatment.24 As more states passed laws requiring prophylaxis, the percentage of children in homes whose blindness was caused by GON steadily declined (table 5) ;25 this illustrates a temporal association between prophylaxis and the importance of GON in blindness. GON is no longer a cause of blindness in industrialised countries because of effective diagnosis and treatment of women during pregnancy or effective prophylaxis of neonates, or both. In developing countries, blindness in children is not reported as being highly prevalent. The World Health Organisation (WHO) concludes that in developing countries, blind children have a high mortality rate, so the true prob-324 lem would not be apparent in prevalence surveys.2326 Moreover, the level of blindness related to GON is unknown. 26 Extrapolating from conditions in the industrialised world at the turn of the century to present day Africa appears to be reasonable. Conditions prevailing in Africa now regarding gonococcal ophthalmia neonatorum are similar to those in the industrialised world during Crede's time: the prevalence of gonococcal infection in pregnant women in many parts of present day Africa is at a high level (more than 10% of pregnant women); ocular prophylaxis in Africa is not available, has been discontinued, or is incompletely applied; an increasing number of gonococcal infections (10-80%) are caused by penicillinase producing Neisseria gonorrhoeae (PPNG), only limited treatment is available for GON in general, and no or only inadequate treatment is possible for infections caused by PPNG strains.
PREVALENCE OF GONORRHOEA IN PREGNANT WOMEN IN AFRICA
The prevalence of N gonorrhoeae in pregnant women in Africa is reported as being between 3% and 22% (table 6). Many countries, including Cameroon, Kenya, Uganda, and Senegal, have documented rates of 18% or higher. The studies that yielded these prevalence rates were undertaken in urban settings, and many researchers believe that gonorrhoea is more prevalent in towns than in rural settings. Gonococcal infection, however, may even be more common in some populations of rural women. For example, a study done at Yaounde Central Hospital in the United Republic of Cameroon, an urban setting, yielded a gonorrhoea infection rate of 14%. 28 The same authors found that 22% of rural women had gonorrhoea; this higher prevalence in a rural setting may lead to gonococcal ophthalmia neonatorum being a more serious complication because of less About 30% of infants exposed to N gonorrhoeae during birth will develop gonococcal eye infections if prophylaxis is not given; this implies that up to 6% of infants born in Africa will develop gonococcal ophthalmia. 23 Transmission rates of 42% to 48% have been found in Kenya.31 32 The best estimates of the incidence of gonococcal ophthalmia neonatorum place the rates between 0-5% to 5%.23 These estimates look reasonable and are corroborated by available data from both east and west Africa. In Cameroon, 4% of neonates had GON.28 Corresponding rates from large hospitals in Kenya were 3-6% and in Ethiopia were 6.3%.32 3 These incidence rates were over 50 times higher than the rates from the western world, which averaged 0.06%. 34 Not only are the GON rates high in Africa, but many cases may not be diagnosed because of inaccessibility to the health care system or lack of symptoms of disease. Moreover, only limited treatment is usually available for GON in general, with no treatment or only inadequate treatment possible for PPNG infections. Huge numbers of children are thus exposed to the risk of blindness and potentially, as a consequence, death.
CONCLUSIONS ON CONOCOCCAL OPHTHALMIA NEONATORUM IN AFRICA
Based on the most current studies, the prevalence of gonorrhoea in pregnant women in many parts of Africa is at least 10% and it approaches 20% in some areas. The incidence of GON in neonates in Africa ranges between 0.5% and 6%, and incidences of 2% to 4% are common.
Recommendations SYPHILIS DURING PREGNANCY
Based on available research, which documents the seriousness and extent of the problems caused by syphilis during pregnancy, funds must be committed to Africa for the prevention and control of syphilis. Research must be conducted into the most cost effective approaches to prevent and control the serious sequelae of syphilis during pregnancy, including contact tracing and treatment procedures in an African setting. Further research on the prevalence of syphilis during pregnancy should be initiated, especially in rural areas and in countries where prevalence studies have not been undertaken.
